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ABSTRACT 

Coal  is  one  of  the  most  commonly  used  fuel  and  remains  the  least  expensive  of  all  the  fossil  fuels  for  the 
generation  of  electricity.  In  the  process  of  generating  electricity  utilizing  coal,  large  quantities  of  coal  combustion 
by-products  (CCPs)  are  generated.  More  than  60%  of  the  total  non-combustible  residual  particles  resulting  from  the  coal 
combustion  processes  in  thermal  power  plants  are  fly  ash.  In  India  fly  ash  is  being  generated  at  the  rate  of  about  60  million 
tons  per  annum  (MTPA)  from  about  75  thermal  power  plants  and  is  expected  to  increase  to  100  MTPA  by  the  turn  of  the 
century.  Low  amount  of  beneficial  nutrients,  low  cation  exchange  capacity,  high  alkalinity,  the  presence  of  toxic  metal  ions 
in  fly  ash  and  high  transport  cost  for  relatively  low  value  product  are  some  of  the  factors  responsible  for  the  limited  utility 
of  fly  ash.  To  overcome  these  difficulties  many  technologies  have  been  developed  for  gainful  utilization  of  fly  ash  . India 
records  a very  low  percentage  of  15-20%  of  fly  ash  as  compared  to  a corresponding  figure  for  developed  countries.  With 
this  in  view,  the  possibility  of  synthesizing  high  value  products  such  as  zeolites  from  fly  ash  was  explored. 
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INTRODUCTION 

World  net  electricity  generation  is  expected  to  increase  by  77%  from  2006-2030  and  coal  continues  to  fuel  the 
largest  share  of  worldwide  electric  power  generation  [1],  with  total  hard  coal  consumption  of  5522  MT  (million  tons)  [2]. 
India  is  currently  the  third  largest  producer  of  coal  in  the  world,  after  China  and  the  United  States  with  a production  of 
about  407  million  tons  (MT)  of  hard  coal.  In  India  the  demand  for  coal  for  power  plants  has  rapidly  increased.  About  80% 
of  the  coal  produced  in  the  country  was  utilized  for  power  generation  in  2006-07  and  is  projected  to  increase  upto  5 folds 
in  25  years.  [4]. Other  key  coal  consumers  are  steel  and  cement  industries  [3,  4].  India  has  the  fourth  largest  reserves  of  coal 
in  the  world  and  will  maintain  its  position  for  another  40-50  years  [4].  Present  electricity  generation  capacity  is  143  Gega 
watts  and  expected  to  increase  to  800  Gega  watts  by  the  year  2032. 

Indian  coal  is  generally  of  poor  quality  in  terms  of  high  ash  content  (ranging  from  30-35%),  high  moisture  content 
(ranging  from  4-20%),  low  calorific  value  (between  2500-5000  kcal/kg)  and  high  amounts  of  toxic  trace  elements 
especially  mercury  (Hg)  [4-6].  The  low  calorific  value  leads  to  more  use  of  coal  for  the  generation  of  same  amount  of 
electricity.  In  India,  about  70%  power  plants  are  coal  based  [5,  7]  generating  more  than  160  million  tones  of  fly  ash 
annually.  Because  of  the  increase  in  the  electricity  generation,  there  is  consistent  increase  in  the  requirement  of  coal 
leading  to  an  increased  production  of  fly  ash  [5,  8]. 
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Therefore,  there  is  a need  to  encourage  research  on  the  development  of  materials  using  fly  ash  through  novel  synthetic 
methodologies.  Many  technologies  have  been  developed  for  gainful  utilization  of  fly  ash  such  as  it  is  use  as  a bottom  layer 
in  road  construction,  concrete  and  ceramic  production,  in  building  industries  and  also  as  backfills.  About  5-6%  of  total  fly 
ash  is  used  up  in  the  above  mentioned  applications,  and  rest  of  it  is  disposed  off.  Current  conventional  means  for  fly  ash 
disposal  by  converting  them  into  slurry  are  both  inadequate  and  wasteful,  since  they  entail  long  term  financial  and  land 
problems.  When  fly  ash  is  not  properly  disposed,  it  is  known  to  pollute  air,  water  and  soil.  It  causes  various  respiratory 
problems  when  inhaled  and  lowers  the  yield  when  it  settles  on  crops  and  leaves.  Thus  future  fly  ash  disposal  means 
presents  economic  and  environmental  problems  [7,  9], 

Several  attempts  have  been  made  for  proper  utilization  of  fly  ash  either  to  reduce  the  cost  of  disposal  or  to 
minimize  its  impact  on  environment  [10].  For  the  last  few  years  there  has  been  much  interest  in  zeolites.  Since  fly  ash 
contains  more  than  80%  silica  and  alumina,  therefore  it  can  serve  as  the  raw  material  for  synthesis  of  zeolites  and  appears 
to  be  one  of  the  most  promising  alternatives  as  it  has  emphasis  on  value  addition  to  waste  material  [10,  11]. 

High  cation  exchange  capacity,  high  surface  area  and  variable  pore  size  are  some  of  the  special  features  of  zeolites 
which  make  them  versatile  materials  for  targeting  wide  range  of  applications  e.g.,  materials  for  soil  remediation  and 
enhancement  of  plant  growth,  catalysts  for  chemical  and  petrochemical  industries,  adsorbents  and  ion  exchangers  in  a 
variety  of  processes  such  as  water  softening  and  in  the  separation  and  removal  of  gases.  Other  applications  are  in 
agriculture,  animal  husbandry  and  construction  [12].  Several  research  reports  have  been  published  on  synthesis  of  zeolites 
[13]  (P,  A,  X,  Y,  analcime,  chabzite  etc.)  using  various  synthetic  procedures  [10,  14-28].  However,  these  attempts  are  beset 
with  drawbacks  of  low  crystallinity,  low  yield,  residual  fly  ash  in  the  product  and  mixture  of  zeolites  in  product.  Thus,  the 
present  study  is  aimed  at  developing  a cost  effective,  synthetic  methodology  for  conversion  of  a waste  (fly  ash)  into  a 
technologically  important  and  a value  added  single  product  zeolite/s. 

EXPERIMENTAL 

Materials 

In  the  present  investigation,  fly  ash  sample  was  procured  from  National  thermal  Power  Plant,  India  and  sodium 
hydroxide  ( AR,  98%)  Pure,  was  procured  from  Qualigens,  India.  The  aluminosilicate  from  fly  ash  was  synthesized  by  the 
modification  of  the  reported  procedure  [18]. 

Synthesis 

In  order  to  convert  fly  ash  into  a value  added  product,  the  complete  dissolution  of  the  fly  ash,  in  the  form  of  a gel, 
has  been  done  by  heating  the  alkali  fly  ash  mixture.  After  the  formation  of  the  gel,  the  solution  was  kept  for  ageing  step 
(close  to  the  room  temperature)  followed  by  the  curing  /crystallization  step  as  per  the  reported  literature.  5g  of  fly  ash 
sample  was  taken;  fly  ash  sample  was  sieved  to  eliminate  larger  particles.  The  fly  ash  was  added  to  sodium  hydroxide 
solution  in  a conical  flask  to  make  the  slurry  and  was  stirred  at  various  temperatures  followed  by  ageing  and  curing.  The 
resultant  mixture  was  then  cooled  to  room  temperature  and  then  washed  several  times  with  double  distilled  water  to 
eliminate  extra  alkali  followed  by  drying  in  oven  at  60-70°C  for  6-7  hours. 

Keeping  in  mind  the  need  for  the  synthesis  of  a value  added  product  and  cost  effectiveness  of  the  process,  effect 
of  parameters  such  as  concentration  of  alkali  was  investigated  from  1M-3M  on  the  above  mentioned  method  by  keeping 
the  entire  parameters  (initial  mixing  temperature  and  time,  ageing  temperature  and  time  and  curing  temperature  and  time) 


Impact  Factor  (JCC):  1.9028 


Index  Copernicus  Value(ICV):  3.0 


Influence  of  Alkali  Concentration  on  Complete  Conversion  of  Fly  Ash  in  to  a Framework 
Aluminosilicate  Utilizing  Alkaline  Hydrothermal  Synthetic  Methodology 


3 


constant  (“Table  1”)-  In  order  to  verify  the  reproducibility  of  the  procedure,  four  batches  of  samples  were  synthesized 
using  above  mentioned  conditions.  Each  sample  was  analyzed  by  all  relevant  techniques  to  identify  the  structure  of  the 
synthesized  product. 

Characterization 

Various  analytical  techniques  have  been  employed  for  this  purpose.  To  identify  crystalline  materials  in  the 
samples,  X-ray  diffractograms  were  recorded  on  Philips  PW3710  X-ray  Diffractometer  using  Cu  Ka  (alpha)  radiations 
with  tube  voltage  45  kV  and  40  mA  with  a sampling  step  of  0.02°  and  a scan  time  of  4sec  in  20values  ranging  from  10-70°. 
Infrared  spectroscopic  (FT-IR)  studies  were  carried  out  to  identify  their  structural  features.  FTIR  spectra  were  taken  in  KBr 
on  a Perkin  Elmer  FTIR  spectrophotometer.  For  each  sample,  spectrum  has  been  recorded  for  64  scans  with  4cm"1 
resolution  between  4000— 400cm"1  region.  To  avoid  the  interference  from  the  C02  and  water,  IR  chamber  was  flushed  with 
dry  nitrogen.  Morphology  of  fly  ash  and  synthesized  product  were  investigated  by  using  Scanning  Electron  Microscope 
(SEM),  the  SEM  analysis  has  been  performed  on  ZEISS  EVO  Scanning  Electron  Microscope  Model  EVO  50.  Thermal 
stability  was  investigated  by  thermo  gravimetric  (TGA)  methods.  TGA  was  recorded  on  Shimadazu  DTG  60  at  a heating 
rate  of  30°C/min  upto  700°C  and  a flow  rate  of  lOOmL/min. 

RESULT  AND  DISCUSSIONS 

X-Ray  Diffraction  Studies 

The  X-ray  powder  diffraction  patterns  (“Figure  1”  a,  b,  c and  d)  of  fly  ash  (S-01)  and  the  synthesized  products  (S- 
02,  S-03  and  S-04)  indicate  the  conversion  of  fly  ash  to  crystalline  aluminosilicates.  A relatively  broad  band  centered  at  20 
= 26.2°  is  the  characteristic  feature  of  class  F fly  ash  (glassy  phase)  having  relatively  low  calcium  content  (“Figure  1”  a) 
[29,  30],  The  presence  of  sharp  peaks  at  20=16.34(5.41),  30.81(2.89),  33.11(2.70),  35.12(2.55),  39.13(2.29),  40.73(2.21), 
60.50(1.52)  and  at  20=20.77(4.27),  36.79(2.44),  49.99(1.82),  indicates  the  presence  of  predominantly  mullite 
(3Al203.2Si02)  and  quartz  (Si02)  respectively,  as  the  crystalline  material  (JCPDS  no.  15-0776  and  05-0490).  The  halo 
pattern  in  the  background  between  20=10.2°  and  20=40.2°  indicates  the  presence  of  amorphous  material  [31].  Appearance 
of  increasing  amount  of  crystalline  phase/material  with  the  increasing  concentration  of  alkali  and  the  disappearance  of 
diffraction  peaks  of  fly  ash  (“Figure  1”  b-d)  is  indicative  of  gradual  increase  in  the  extent  of  conversion  of  fly  ash  in  to 
crystalline  aluminosilicate.  The  diffraction  pattern  has  been  found  to  be  in  good  agreement  with  hydroxysodalite  structure 
[32-36], 

Fourier  Transformed  Infrared  Spectroscopic  Studies 

The  FTIR  spectra  (“Figure  2”a,  b,  c and  d)  of  fly  ash  (S-01)  and  the  synthesized  products  (S-02,  S-03  and  S-04) 
indicate  the  conversion  of  fly  ash  to  crystalline  aluminosilicates.  The  presence  of  quartz  and  mullite  as  evident  from  the 
presence  of  peak  at  1096cm"1  and  470cm  '(“Table  2”)  [37].  The  strongest  band  appears  at  995,  995  and  989cm'1  in  case  of 
the  synthesized  product  S-02,  S-03  and  S-04  respectively  (“Figure  2”  b-d,  “Table  3”).  This  observed  shift  towards  lower 
wave  number  with  increasing  alkali  concentration  indicates  the  presence  of  more  number  of  Al+3  into  the  frame  work. 
Three  well-defined  medium  intensity  bands  at  718,  696,  661cm'1  and  the  bands  at  463  and  434  cm"1  has  been  observed  for 
the  S-04  sample  (“Figure  2"d)  and  are  in  good  agreement  with  the  bands  reported  in  the  literature  for  hydroxysodalite 
structure  [38-43],  Appearance  of  increased  intensity  bands  at  the  same  frequencies  with  increasing  alkali  concentration 
suggests  the  formation  of  same  product. 
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Scanning  Electron  Microscopic  Studies 

Scanning  electron  micrographs  of  the  fly  ash  (S-01)  and  the  corresponding  synthesized  products  (S-02,  S-03and 
S-04)  indicates  the  conversion  of  fly  ash  to  crystalline  aluminosilicates  (“Figure  3”).  Spherical  particles  with  smooth 
surface  have  been  observed  for  the  fly  ash  (“Figure  3”a)  [31].  Deformation  of  the  smooth  spherical  surface  has  been 
observed  when  fly  ah  was  treated  with  1M  alkali  (“Figure  3”b).  Decrease  in  particle  size  and  the  appearance  of  sharp  edges 
on  the  surface  is  clearly  seen  in  case  of  S-03  sample  (“Figure  3”c)  suggesting  higher  conversion  of  fly  ash  in  to  the 
crystalline  material.  In  case  of  S-04  sample  (“Figure  3"d),  a well-defined  cubic  morphology  indicates  the  complete 
conversion  of  fly  ash  in  to  a crystalline  product.  The  XRD,  FTIR  data  is  also  supportive  of  this  observation. 

Thermo  Gravimetric  Studies 

Thermo  grams  of  fly  ash  and  the  synthesized  product  (“Figure  4”  a,  b,  c and  d)  indicate  the  conversion  of  fly  ash 
to  crystalline  aluminosilicates.  In  case  of  fly  ash  (“Figure  4”a)  first  weight  loss  of  0.2%  is  observed  in  the  temperature 
range  of  35-200°C  (corresponding  to  the  loss  of  physically  adsorbed  water)  followed  by  a weight  loss  of  1.8%  in  the 
temperature  range  of  200-550°C  (attributed  to  the  decomposition  of  hydrated  salts  such  as  Ca  (OHF.xFFO,  CaS03.xH20, 
etc.  present  in  fly  ash).  In  the  temperature  range  of  550-700°C  0.8%  weight  loss  (attributed  to  the  loss  due  to  the  oxidation 
of  unburnt  carbon  and  decomposition  of  metal  carbonates  in  fly  ash)  has  been  observed  [44,  45],  Two  step  weight  losses  in 
each  case  were  observed  for  the  samples  S-02,  S-03and  S-04.  The  first  step,  30°C  to  100°C,  amounts  to  a loss  of  4%,  7% 
and  3.2%  , corresponds  to  the  loss  of  physically  adsorbed  water.  The  second  step,  100°C  to  250°C,  amounting  to  a loss  of 
4%,  4%,  and  4.6%  for  S-02,  S-03and  S-04  respectively  (“Figure  4”  b-d),  corresponds  to  the  loss  of  metal  bound  water  and 
water  located  in  zeolitic  cavity  [46]. 

The  total  percentage  of  weight  loss  in  case  of  fly  ash  has  been  relatively  very  small  (2.8%)  due  to  non-framework 
structure.  The  presence  of  cavities  and  voids  in  the  framework  is  responsible  for  the  retention  of  relatively  large  amount  of 
water. 

CONCLUSIONS 

From  the  characterization  studies  of  fly  ash  and  the  alkali  modified  fly  ash,  it  is  concluded  that  complete 
conversion  of  fly  ash  to  crystalline,  single  product  (zeolite)  has  been  achieved  and  it  has  been  found  that  the  best  product 
is  obtained  with  3M  NaOH  as  the  initial  concentration  of  alkali.  The  structure  was  found  to  have  cubic 
hydroxysodalite  type  structure.  Present  process  formulated  here  for  the  synthesis  of  zeolite  from  fly  ash  has  the 
advantages  of  conservation  of  raw  materials  cost  effectiveness,  technically  convenient,  economical  and  non-tedious 
process,  high  value  utilization  and  partially  solving  the  fly  ash  disposal  problem.  So,  the  outcome  of  the  proposed  research 
work  would  lead  to  a cleaner  and  healthier  environment. 
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Figure  1:  XRD  Patterns  of  Fly  Ash  and  the  Product  Obtained  at  Varying  Concentration  of  the  Alkali 
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Figure  2:  FT-IR  Patterns  of  Fly  Ash  and  the  Product  Obtained  at  Varying  Concentration  of  the  Alkali 
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Figure  3:  SEM  Patterns  of  Fly  ash  and  the  Product  Obtained  at  Varying  Concentration  of  the  Alkali 
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Figure  4:  TGA  Patterns  of  Fly  Ash  and  the  Product  Obtained  at  Varying  Concentration  of  the  Alkali 


Table  1:  Variation  in  the  Concentration  of  Alkali 


Product  Code 

Concentration  of 
Alkali 

Initial  Mixing 

Ageing 

Curing 

Temp. 

Time 

Temp. 

Time 

Temp. 

Time 

S-02 

1M 

80°C 

48 

30°C 

48 

40°C 

72 

S-03 

2M 

80°C 

48 

30°C 

48 

40°C 

72 

S-04 

3M 

80°C 

48 

30°C 

48 

40°C 

72 

Table  2:  Vibrational  Frequencies  of  Fly  Ash 


Vibrational  Frequencies  (cm1) 

Assignments 

Observed  Values 

Reported  Values 

1096(s),  906(sh) 

1135-1080 

Si/Al-O,  Asym.  Sretching 
Quartz  & Mullite 

Broad  Shoulder 

792-700 

Si/Al-O,  Sym.  Sretching 
Quartz  & Mullite 

560  (s),  458(s) 

560-550. 460 

Si/Al-O,  Bending 
Mullite,  Quartz 
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